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(54) Croslinkable modified fluorinated polymers 

(57) Melt-processable thermally crosslinkable com- 
positions comprising: 

I) termoprocessable copolymers of ethylene (E) 
with tetrafluoroethylene (TFE) and/or chlorotrifluor- 
©ethylene (CTFE) modified with acrylic monomers 
of formula: 



CH 2 =CH-CO-0-R 2 



(a) 



R 2 is an hydrogenated radical from 1 to 20 carbon 
atoms, C r C 20 . alkyl, linear and/or branched radi- 
cal, or cydoalkyl, or R 2 is H. The radical R 2 can 
optionally contain: heteroatoms preferably CI, O, N; 
one or more functional groups preferably selected 
from OH, COOH, epoxide, ester and ether; and 
double bonds; the above n is an integer in the range 
0-10. 



II) one or more cross-linking agents. 
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Description 

[0001] The present invention relates to crosslinked fiuorinated polymers modified with hydrogenated monomers, 
the processes for their preparation and the manufactured articles therefrom. 

5 [0002] In particular the invention relates to mert-processable curable compositions, comprising thermoprocessable 
copolymers of ethylene (E) with tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene (CTFE) modified with acrylic 
monomers, which subjected to thermal treatment improve their mechanical properties at high temperatures and chem- 
ical resistance, increasing their rating. Said crosslinkable compositions adhere to hydrogenated polymers. 
[0003] The improvement of the mechanical properties at high temperatures is shown by the increase of the stress 

10 at break without jeopardizing the elongation at break. 

[0004] The use of hydrogenated polymers in the car industry for preparing fuel hoses and fuel lines is known in the 
prior art. Examples of hydrogenated polymers are polyamides, polyvinylchloride (PVC), nitrile rubbers (NBR). The 
drawbacks of the manufactured articles obtained therefrom are the low chemical resistance and high permeability to 
gasolines and oils, in particular SF® oils which show high aggressivity towards the vinylidenfluoride (VDF)-based elas- 

15 tomers, presently used in the car industry. A high permeability to these fluids, in particular gasolines, implies a high 
emission of dangerous substances to the environment The laws of most countries are more and more restrictive on 
these emissions due to their environmental impact. Therefore, materials having a lower permeability, improved chemi- 
cal resistance and at the same time having improved mechanical properties at high temperatures, in particular stress 
at break, are required. 

20 [0005] Fiuorinated polymers having an improved chemical resistance to gasolines and to particularly aggressive 
oils used in the car industry in comparison with hydrogenated polymers, are known. Besides, said fiuorinated polymers 
have a combination of mechanical properties which make them suitable for the above mentioned uses. The drawback 
of these fiuorinated polymers is the high cost which limits their use. 

[0006] In order to make economically possible the use of fiuorinated polymers it has been suggested the use of 
25 composites of hydrogenated polymers with fiuorinated polymers. However the adhesion between fiuorinated polymers 
and hydrogenated polymers is very poor. The research is directed to find solutions such as to make possible these com- 
posites. In particular for the thermoprocessable fiuorinated of ethylene (E) copolymers with tetrafluoroethylene (TFE) 
and/or chlorotrifluoroethylene (CTFE). for example Halar® commercialized by Ausimont USA Inc.. the solutions sug- 
gested for their coupling with hydrogenated polymers, use adhesives of various types. In this case the technologies for 
30 obtaining murti laminates from the industrial point of view are more complex for the introduction of an additional adhesive 
layer (tie-layer technology). 

[0007] The need was felt to make murti-layer manufactured articles, made of hydrogenated and fiuorinated poly- 
mers having improved mechanical properties, impermeability and chemical resistance to liquid fuels without using the 
tie-layer technology. Among the most known applications of multi-layer manufactured articles, fuel hoses (hydrogenated 

35 rubbers/fluorinated polymers) and fuel lines (polyamides/Nuorinated polymers) can be mentioned. 

[0008] The Applicant has surprisingly and unexpectedly found melt-processabie curable compositions comprising: 
( thermoprocessable copolymers of ethylene (E) with tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene (CTFE) 
modified with acrylic mondmers and a cross-linking agent, which subjected to thermal treatment are capable to 
crosslink, improving their mechanical and chemical resistance properties, showing adhesive properties with hydrogen- 

40 ated polymers. 

[0009] An object of the present invention are therefore melt-processable thermally crosslinkable compositions com- 
prising: 

I) thermoprocessable copolymers of ethylene (E) with tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene 
45 (CTFE) modified with acrylic monomers of formula: 

CH2=CH-CO-0-R 2 ( a ) 

R 2 is an hydrogenated radical from 1 to 20 carbon atoms, C r C2 0 . alWyl, linear and/or branched radical, or 
so cycloalkyl, or R 2 is H. The radical R 2 can optionally contain: heteroatoms preferably CI, O, N; one or more functional 
groups preferably selected from OH, COOH, epoxide, ester and ether; and double bonds; the above n is an integer 
in the range 0-10. 

II) one or more cross-linking agents. 

55 [001 0] The thermoprocessable copolymers of the present invention composition comprise from 1 0 to 70%. prefer- 
ably from 35 to 55%, by moles of ethylene, from 30 to 90%, preferably from 45 to 65%, by moles of a fiuorinated mon- 
omer selected from tetrafluoroethylene, chlorotrifluoroethylene, or mixtures thereof, from 0.1 to 30%, preferably«from 1 
to 15% by moles of the comonomer (a). 
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[0011] As component I), thermoprocessable copolymers wherein the fluorinated monomer is chlorotrifluoroethyl- 
ene are preferred. 

[001 2] n-Butylacrylate (n-BuA) is the preferred acrylic monomer. 

[001 3] The cross-linking agents can be active by radical way, such as for example trialiylisocyanurate (TAIC), trial- 
lylcyanurate (TAG), dialiylisophthalate (USP 4,039,631). diallyiterephthalate (USP 4,039,631), esters of phenyl indan 
(USP 3.763,222), triallylester of the aryl polycarboxylic acid (USP 3,840,619), bis-olefins such as for example 1,6 divi- 
nylperfluorohexane (see USP 5,612,419) and others (see USP 4,121 ,001); or active by ionic way such as for example 
hexamethyiendiaminecarbamate (DIAK 1), N,N'-didnnaniylidene-1,6-hexanediamine (DIAK 3), maleimide derivatives 
such as for example m-phenylenbismaleimide. C 4 -C 20 aliphatic diamines, polyhydroxyl aromatic compounds for exam- 
ple bisphenols A, AF and S. As crosslinking agents active by radical way trialiylisocyanurate is preferred. As crosslink- 
ing agents active by ionic route, the protected both aliphatic and aromatic diamines are preferred. 
[0014] The cross-linking agent amounts ranges from 0.1 to 20.0% by weight, preferably from 0.5 to 10.0%, more 
preferably from 1 .0 to 5.0%. 

[001 5] The crosslinkable melt-processable compositions can furthermore contain one or more optional ingredients 
such as fillers (for example polytetrafluoroethylene (PTFE), silicates), smoke retarders, lubricants, pigments, fire retard- 
ants, intumescent agents, plasticizers (for example MORFLEX® 560), metal oxides (ZnO, MgO), inorganic bases 
(Ca(OH) 2 ), tetraalkyl ammonium or phosphonium salts, thermal stabilizers such as for example Irganox® 1010 and per- 
oxides used in crosslinking processes known in the prior art, for example Luperco® 101 XL (2,5-dimethyl-2,5-di(ter- 
butylperoxy)hexane 45% by weight on inert support), dicumyiperoxide. 
[001 6] The maximum total amount of the optional components is 30.0% by weight. 

[0017] The composition of the present invention is obtainable by closely mixing the ethylene thermoprocessable 
copolymers with tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene (CTFE) modified with acrylic monomers, with 
one or more cross-linking agents. Alternatively, the composition of the present invention can be obtained uniformly dis- 
tributing one or more crosslinking agents on a manufactured article of thermoprocessable copolymers of ethylene with 
tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene (CTFE) modified with acrylic monomers, or by contacting the 
surfaces of said manufactured article with a hydrogenated polymer containing one or more crosslinking agents. 
[001 8] A further object of the present invention is a crosslinking process subjecting the melt-processable crosslink- 
able compositions of the present invention, to a thermal treatment. 

[0019] Such a process is carried out at a temperature generally higher than 150°C. When the crosslinking agents 
are activated by ionic way, the process is carried out at temperature preferably lower than 200°C. When the crosslinking 
agents are activated by radical way. the process is carried out at a temperature preferably higher than 250°C. 
[0020] For a given composition of the invention, the time of the thermal treatment decreases as the chosen temper- 
ature for the crosslinking increases. 

[0021] A further object of the present invention are the manufactured articles obtained by crosslinking the melt- 
processable compositions of the present invention. 

[0022] A further object of the invention are multi-layer manufactured articles of hydrogenated polymers and melt- 
processable crosslinkable compositions of the invention, thermally treated and untreated. The preferred manufactured 
articles are: fuel lines, obtainable for example by coextrusion of polyamide and the compositions of the invention; fuel 
hoses, obtainable for example by extrusion of hydrogenated rubber on a tube made of the compositions of the invention. 
[0023] As hydrogenated polymers we can mention thermoplastics and elastomers. As thermoplastic polymers: for 
example cellulose polymers, polyamides such as NYLON 6. NYLON 66. NYLON 11, NYLON 12, polyamide copoly- 
mers, polycarbonates, polyesters, such as polyethylenterephthalate. polyester copolymers, polyolefins such as high 
and low density polyethylene, olefine copolymers, polyimides, polystyrene, polyurethanes. polyvinylchloride (PVC), 
polysulphones. ethylene/vinylacetate copolymers, polyacrylbutadienestyrene (ABS). The preferred thermoplastic 
hydrogenated polymers are polyesters, polyolefins. polyamides. 

As hydrogenated elastomers we can mention acrylic rubbers, nitrile rubbers (NBR), ethylene-propylene rubbers (EPM), 
ethylene-propylene-diene rubbers (EPDM), NVC rubbers (nitrile NBR rubbers mixed with PVC), epichlorohydrin rub- 
bers (CO and ECO). 

As hydrogenated elastomers, epichlorohydrin and nitrile rubbers (NBR) are preferred. 

[0024] Some examples of the present invention are hereinafter reported, the purpose of which is merely illustrative 
but not limitative of the scope of the invention itself. 

EXAMPLE 1 

1.1- Preparation of the "Polymer A" (E/CTFE/n-Bu A 4Q/55/5 moles %1 

[0025] In an enamelled autoclave equipped with baffles and stirrer working at 450 rpm in Hastelloy C. 5.3 I of dem- 
oralized water, 1 .7 1 of methyl alcohol. 20 ml of methylcyclopentane. 10 g of n-butyl aery late and 2 kg Of chiorotrifluor- 
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oethylene were introduced. The autoclave was then heated to the reaction temperature of 15°C and ethylene was fed 
up to a pressure of 8.2 absolute bar. In the autoclave the radical initiator was then continuously fed during the polymer- 
ization under the form of a trichloroacetylperoxide (TCAP) solution in isooctane, maintained at -17°C, having a trtre 
equal to 0.1 g TCAP/ml. Furthermore, 10 g of n-butylacrylate were fed at consumption of 20, 40, 60, 80, 100, 120, 140, 
5 1 60 and 1 80 g of ethylene. 

[0026] The pressure was maintained constant during the polymerization by continuously feeding ethylene to the 
reactor up to a consumption of 200 g; in total 399 ml of initiator solution were introduced. The polymerization lasted 555 
minutes. 

[0027] The product discharged from the autoclave was dried at 120°C for about 16 hours. The amount of the 
io obtained dry product was 1200 g. The obtained product is defined "Polymer A". 

[0028] The mechanical properties at 1 20°C, obtained according to the ASTM D1 708 method by using compression 
molded specimens of the polymer A, are reported in Table 1 . 



15 



1 o - Proration of the "Polymer A '": Polvmer A ± TAIC 5% bv weight 

[0029] The polymer A was additivated with TAIC at 5% by weight and optional components such as MARK-260® 
in an amount of 0.45% by weight and Aclyn-316® in an amount of 0.15% by weight, both mainly used as thermal sta- 
bilizers. 

[0030] The obtained polymer, defined "Polymer A'", is pelletized at a maximum temperature of 240°C, in a single 
20 screw Brabender extruder of Hastelloy C-276 having a 1 8 mm diameter and a length equivalent to 25 times the diame- 
ter. 

1 ,3 ■ "Thermal crosslinkinq" 

25 [0031 ] The Polymer A' was compression molded at 240°C for 8 minutes at 40 bar obtaining specimens having a 0.3 
mm thickness. One specimen is thermally treated at 275°C for 1 8 minutes and another one under the same conditions 
for 25 minutes. 

[0032] The mechanical properties at 120°C, obtained according to the ASTM D1708 method, of the above men- 
tioned specimens, are reported in Table 1. 



30 



1 .4 - Permeability to "Fuel C" (isooctane-tolue ne 50/50) at 50°C 



[0033] The permeability at 50°C is measured in grams of solvent (Fuel C) per surface area of the specimen in func- 
tion of time. 

35 [0034] The permeability ratios between the specimens of polymer A and of the polymer A' thermally treated at 
275°C for 25 minutes in function of time are: at 3 hours 1 .85; at 6 hours 1 .45; at 24 hours 1 .47; at 48 hours 1 .48. 
- [0035] These ratios show how the polymer A according to the present invention permeates at least 50% less than 
polymer A. 

40 EXAMPLE 2 (comparative) 

2 1 - Preparation of the "Polymer B" (E/CTFE 49/51 moles %) 

[0036] In an enamelled autoclave equipped with baffle and stirrer working at 450 rpm in Hastelloy C, 5.3 I of dem- 
45 ineralized water, 1.7 I of methyl alcohol, 52 ml of methylcycloperrtane and 2 kg of chlorotrifluoroethylene were intro- 
duced. The autoclave was then heated to the reaction temperature of 15°C and ethylene was introduced up to a 
pressure of 12.6 absolute bar. In the autoclave the radical initiator was then continuously fed during the polymerization 
under the form of a trichloroacetylperoxide (TCAP) solution in isooctane, maintained at -17°C, having a titre equal to 
0.12 g TCAP/ml. 

so [0037] The pressure was maintained constant during the polymerization by continuously feeding ethylene into the 
reactor up to a consumption of 200 g; in total 200 ml of initiator solution were introduced. 

[0038] The product discharged from the autoclave was dried at 120°C for about 16 hours. The amount of the 
obtained dry product was 1507 g. The obtained product is defined "Polymer B". 

[0039] The mechanical properties at 1 20°C obtained according to the ASTM D1 708 method by using compression 
55 molded specimens of the polymer B are reported in Table 2. 



Copied trom 10093001 on 08-01-^004 



EP 1 038 914 A1 

2 2- Preparation of the "Polymer B'": "Polymer B" + TAIC 5% by weight 

[0040] The polymer B was additivated with TAIC at 5% by weight and optional components such as MARK-260® 
in an amount of 0.45% by weight and Aclyn-31 6® in an amount of 0. 15% by weight both mainly used as thermal stabi- 
5 lizers. 

[0041] The obtained polymer, defined "Polymer B m , is pelletized at a maximum temperature of 270°C in a angle 
screw Brabender extruder of Hastelloy C-276 having a 1 8 mm diameter and a length equivalent to 25 times the diame- 
ter. 

w 2 3 - Therm al crosslinkino" 

[0042] The Polymer B* was compression molded at 260°C for 8 minutes at 40 bar obtaining specimens having a 0.3 
mm thickness. One specimen is thermally treated at 275°C for 18 minutes and another one under the same conditions 

for 25 minutes. s 
75 [0043] The mechanical properties at 120°C, obtained according to the ASTM D1708 method of the above men- 
tioned specimen, are reported in Table 1 . 

[0044] From Table 1 it is observed a substantial improvement of the stress at break at high temperature of the ther- 
mally treated composition object of the present invention, based on the polymer A, even maintaining an elongation at 
break higher than 100%, in comparison with the untreated polymer A. 
20 [0045] From Table 2 no improvement is observed in the stress at break at high temperture of the thermally treated 
composition based on polymer B, in comparison to the untreated polymer B. 

[0046] It is therefore evident from the comparison between the two Tables that the presence of the formula (a) 
comonomer in the thermoplastic f luorinated copolymer of the composition object of the present invention is essential. 

25 EXAMPLE 3 

3 1 - Formulation of the eoichlorohvdrin rubber. "Polymer C 

[0047] 400 g of epichlorohydrin are loaded in a two-rolls open mixer (0=150 mm, L=300 mm) and formulated as 
30 follows: 



35 



40 



45 



SO 



55 
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Rubber: 




HydrirT C 


50 phr. 


Hydrin 0 T 


50 phr. 


Span® 60 


3 phr. 


Carbon Black: 




SRF 


20 phr. 


FEF 550N 


30 phr. 


Ultrasil VN 3 (precipitated silica) 


10 phr. 


NBC (nickel dibutyldrthiocarbamate) 


1 phr. 


Thiokol TP 95 (di(butoxy-ethoxy-ethyl)adipate) 


8 phr. 


Maglite Y (MgO having low activity) 


15 phr. 


MB/MB 1 (mercaptobenzoimidazol) 


1 phr. 


CBS (N-cyclohexylbenzothiazolsulphenamide) 


1 phr. 


DIAK1 


2 phr. 


DC 40 (dicumylperoxide) 


3 phr. 


Diphenylguanidine 


5 phr. 


Bisphenol in powder 


2.1 phr. 


Accelerant (diphenyl-benzyl-N;N-diethyl-aminophosphonium chloride) 


0.7 phr. 



[0048] Subsequently they are processed in the mixer according to the ASTM D-31 82 method. The obtained product 
is defined "Polymer C*\ 

3 2 - Polvme r A/polvmer C bi-laver preparation 

[0049] Polymer C is distributed on the exposed surface of a sheet of polymer A placed in a mold having a rectan- 
gular cavity, and kept under pressure for 10 minutes at 170°C. 

[0050] The peeling force between the two layers of polymer A and polymer C was measured with a dynamometer. 
Such force is of 0.9 N/rnm. 

[0051] This is an example wherein the composition according to the present invention is formed in the contact zone 
between the surfaces of polymer A (component I of the invention composition) and of polymer C (containing the com- 
ponents II of the invention composition). 

EXAMPLE 4 

Polvmer AVpolvmer C b i-laver preparation 

[0052] Example 3 was repeated by replacing the polymer A with polymer A*. The peeling force is 1 .2 N/mm. 

EXAMPLE 5 (comparative) 

Polymer B/p olvmer C bi-laver preparation 

[0053] Example 3 was repeated by replacing the polymer A with polymer B. There is no adhesion. 
[0054] In the contact zone between the two polymer surfaces the invention composition is not formed. 
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EXAMPLE 6 

[0055] Polyamide 12 hereinafter defined "Polymer D" was used. 
fi.1 - Preparation of the "Polvmer D'": Polvmer P + TAIC 5% by weight 

[0056] The polymer D was additivated with TAIC at 5% by weight and pelletized in a single screw Brabender 
extruder of Hasteiloy C-276 having a diameter of 18 mm and a length equivalent to 25 times the diameter. The obtained 
polymer is defined "Polymer D m . 

fr2 - Polymer ATpolvme r D' bi-layer preparation 

[0057] In a mold having a rectangular cavity a sheet of polymer A and a sheet ol polymer D* are placed and then 
the whole is maintained under pressure for 9 minutes at 260°C. 

[0058] In this case the peeling force between the two layers of polymer A and polymer D' is about 1 N/mm. 



EXAMPLE 7 

[0059] Example 6 was repeated by replacing the polymer A with polymer A' and polymer D* with polymer D. The 
peeling force is analogous to the previous Example. 

EXAMPLE 8 (comparative) 

[0080] Example 6 was repeated by replacing the polymer D' with polymer D. There is no adhesion. 



Table 1 



j Mechanical properties at 1 20°C 


Polymer A 


Polymer A* (treated for 
18') 


Polymer A' (treated for 
25') 


Elastic modulus (MPa) 


7 


9.8 


6.7 


Yield Stress (MPa) 


1.1 


1.2 


1.2 


Elongation at break (%) 


724 


309 


199 


Stress at break (MPa) 


1.7 


3.8 


3.0 


% variation of stress at break 




123.5 


76.5 


% variation of ejongation at break 




-57.3 


- 72.5 



Table 2 



Mechanical properties at 120 °C 


Polymer B 


Polymer B* (treated for 
18') 


Polymer B* (treated for 
25') 


Elastic modulus (MPa) 


140 


175 


145 


Yield Stress (MPa) 


5.9 


5.6 


5.3 


Elongation at break (%) 


799 


550 


600 


Stress at break (MPa) 


9.8 


6.8 


10.2 


% variation of stress at break 




-30.6 


4.1 


% variation of elongation at break 




-31.2 


-24,9 
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Claims 

1 . Melt-processable thermally crosslinkable compositions comprising: 

I) Thermoprocessable copolymers of ethylene (E) with tetraf luoroethylene (TFE) and/or chlorotrifluoroethylene 
(CTFE) modified with acrylic monomers of formula: 

CH2=CH-CO-0-R 2 (a) 

R 2 is an hydrogenated radical from 1 to 20 carbon atoms, C r C 20 . alWyl, linear and/or branched radical, or 
cycloalkyl, or R 2 is H. The radical R 2 can optionally contain: heteroatoms preferably CI, O, N; one or more func- 
tional groups preferably selected from OH, COOH, epoxide, ester and ether; and double bonds; the above n is 
an integer in the range 0-10. 

II) one or more cross-linking agents. . 

2. Compositions according to claim 1 wherein the thermoprocessable copolymers are constituted from 10 to 70%, 
preferably from 35 to 55%, by moles of ethylene, from 30 to 90%, preferably from 45 to 65%, by moles of a fiuori- 
nated monomer selected from tetraf luoroethylene, chlorotrifluoroethylene, or mixtures thereof, from 0.1 to 30%, 
preferably from 1 to 15% by moles of the comonomer (a). 

3. Compositions according to claim 2 characterized in that the components I) are thermoprocessable copolymers 
wherein the fluorinated monomer is chlorotrifluoroethylene. 

4. Compositions according to claims 1 -3 characterized in that the acrylic monomers of formula (a) are n-butylacrylate. 

5. Compositions according to claims 1 -4 characterized in that the cross-linking agents selected from: triallylisocyanu- 
rate (TAIC), trial lylcyanurate (TAC). diallylisophthalate. diallylterephthalate, phenyl indene esters, triallylester of the 
aryl polycarboxylic acid, bis-olefins such as 1,6divinylperfluorohexane, hexamethylendiaminecarbamate (DIAK 1), 
N,N'-dicinnamylidene-1,6-hexanediamine (DIAK 3), maleimide derivatives such as m-phenylenbismaleimide, C 4 - 
C^o aliphatic diamines, polyhydroxyl aromatic compounds such as bisphenols A, AF and S. 

6. Compositions according to claim 5 wherein among the crosslinking agents, triallylisocyanurate and the protected 
both aliphatic and aromatic diamines are preferred. 

7. Compositions according to claims 1 -6 characterized in that the cross-linking agent amounts are in the range 0.1- 
20.0% by weight, preferably 0.5-10.0% by weight, more preferably 1 .0-5.0% by weight of the crosslinkable compo- 
sition. 

8. Compositions according to claims 1 -7, characterized in that they contain one or more optional ingredients selected 
from: fillers, smoke retarders, lubricants, pigments, fire retardants, intumescent agents, plasticizers, metal oxides, 
inorganic bases, tetraalkyl ammonium or phosphonium salts, thermal stabilizers and crosslinking peroxides. 

9. Compositions according to claim 8 characterized in that the maximum total amount of the optional components is 
30.0% by weight of the curable composition. 

10. Compositions acording to claims 1-9 obtained by closely mixing the thermoprocessable copolymers of ethylene 
with tetrafluoroethylene (TFE) and/or chlorotrifluoroethylene (CTFE) modified with acrylic monomers with one or 
more cross-linking agents or uniformly distributing one or more crosslinking agents on a manufactured article of 
thermoprocessable copolymers of ethylene with tetrafluoroethylene (TFE) and/or chlorotnf luoroethylene (CTFE) 
modified with acrylic monomers, or by contacting the surfaces of said manufactured article with a hydrogenated 
polymer containing one or more crosslinking agents. 

11. A crosslinking process in which the compositions according to claims 1-10 are subjecting to thermal treatment. 

12. A process according to claim 1 1 wherein the temperature is higher than 150°C; when the used crosslinking agents 
are activated by ionic way the process is carried out at a temperature preferably lower than 200°C, when the used 
crosslinking agents are activated by radical way. the process is carried out at a temperature preferably higher than 
250°C. 
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1 3. Thermally crosslinked polymer compositions obtainable from the crosslinkable compositions according to claims 1 - 
10. 

. 14. Thermally crosslinked manufactured articles according to claim 13. 

15. Multi-layer manufactured articles according to claim 14 comprising hydrogenated polymers. 

16. Multi-layer manufactured articles according to claim 15 wherein the hydrogenated polymers are: 

- thermoplastic hydrogenated polymers selected from: cellulose polymers, polyamides, polyamide copolymers, 
polycarbonates, polyesters, such as for example polyethylenterephthalate, polyester copolymers, polyolefins, 
define copolymers, polyimides, polystyrene, polyurethanes, polyvinylchloride (PVC), polysulphones, ethyl- 
en e/vinylacetate copolymers, polyacrylbutadienestyrene (ABS); 

- hydrogenated elastomers selected from: aery! rubbers, nitrile rubbers (NBR), ethylene-propylene rubbers 
(EPM), ethylene-propylene-diene rubbers (EPDM). NVC rubbers (nitrile NBR rubbers mixed with PVC), 
epichlorohydrin rubbers (CO and ECO). 

17. Multi-layer manufactured articles according to claim 16 wherein the thermoplastic hydrogenated polymers are: pol- 
yesters, polyolefins, polyamides: the hydrogenated elastomers are the epichlorohydrin and nitrile rubbers (NBR). 

18. Multi-layer manufactured articles according to claims 15-17 selected from fuel lines and fuel hoses. 

19. Use of the compositions according to claims 13-18 for preparing fuel lines and fuel hoses. 



30 
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